T-box genes encode transcription factors that regulate many developmental processes. We have cloned a novel mouse T-box gene, Tbx12. Tbx12 is the vertebrate homologue of the Drosophila H15 gene and the Caenorhabditis elegans tbx-12 gene. Tbx12 is expressed in extraembryonic tissues such as the amnion and allantois. In the embryo, Tbx12 is strongly expressed in the neural retina and the heart. q
Results and discussion
We designed oligonucleotide primers to conserved T-box sequences to isolate T-box genes from mouse embryonic cDNA by PCR. Library screening and RACE-PCR isolated clones encompassing the protein coding region of the Tbx12 cDNA (Fig. 1) . The human Tbx12 gene was sequenced as part of the human genome project (accession number AC005826; also known as Tbx20) and lies on chromosome 7p14±15. While this paper was being reviewed, the zebra®sh Tbx12 homologue (hrT ) was published (Grif®n et al., 2000) . We utilized backcross DNA panels provided by the Jackson Laboratories (Rowe et al., 1994) to map the mouse Tbx12 gene to the end of chromosome 9, a region devoid of known developmental mutations.
The sequence of the T-box region (DNA binding domain) of Tbx12 is conserved relative to other T-box family members, but little amino acid conservation is detectable outside of this region. The Tbx12 protein differs from other T-box proteins in its very short C-terminal domain (only ten amino acids beyond the T-box region). In the Brachyury protein, the only family member to be extensively analyzed, transactivation and repression domains are present in the C-terminus (Kispert et al., 1995) . The Tbx12 sequence suggests that any activation or repression domains will be found in the N-terminal part of the protein.
The predicted Tbx12 protein clusters within the Tbx1 subfamily of T-box proteins (Fig. 2) . There appear to be three ancient subdivisions within the Tbx1 subfamily, which are represented by the mammalian proteins Tbx12, Tbx1/Tbx10, and Tbx15/Tbx18, respectively. By sequence comparison, Tbx12 is most similar to the Drosophila H15 gene product (Brook and Cohen, 1996) and the C. elegans tbx-12 gene product . Thus, a Tbx12/ H15 gene likely was present in the common ancestor of vertebrates and invertebrates. We employed in situ hybridization of mouse embryos and postnatal hearts to determine Tbx12 RNA expression patterns (Figs. 3 and 4) . By late gastrulation stages at embryonic day 7.5 (E7.5), Tbx12 is expressed in extraembryonic tissues including the allantois and amnion (Fig. 3A) . Tbx12 expression in the amnion is transient and no longer detected at E8.5. Tbx12 remains strongly expressed in the allantois until E11.5.
In embryonic tissues, strongest Tbx12 expression is detected in the developing eye and heart. Prolonged staining also demonstrates Tbx12 expression in the limbs and neural tube ( Fig. 3E ; data not shown), but expression is much lower than in the heart and eye.
The two major structures of the developing eye are the optic vesicle and lens placode (review in Jean et al., 1998 ). An outpocketing of the forebrain forms the optic vesicle, while the overlying ectoderm thickens and forms the lens. The optic vesicle gives rise to the retina, which consists of an inner neural retinal layer and an outer pigmented epithelial layer. Tbx12 is expressed in the dorsal half of the optic vesicle by E8.5 (Fig. 3D) . From E8.5 to E9.5 Tbx12 is (00)00376-2 www.elsevier.com/locate/modo expressed in cells that will form the neural retina (Fig. 3E ) and by E10.5 Tbx12 expression clearly is restricted to the neural retina (Fig. 3F ). Tbx12 expression in the neural retina cannot be detected beyond E11.5 (data not shown).
The most striking expression of Tbx12 occurs in the developing heart. The heart is the ®rst organ to form in vertebrate embryos (Olson and Srivastava, 1996; Fishman and Chien, 1997; Sucov, 1998) . Most heart precursor cells are derived from the lateral plate mesoderm. The cardiac precursors form bilateral cardiogenic ®elds, migrate to the midline, and fuse to form a linear heart tube which contains an inner endocardium and an outer myocardium. The heart subsequently undergoes looping to bring the cardiac chambers into their proper orientation.
At E7.5, Tbx12 expression is detected in heart precursor cells on either side of the embryonic midline. Tbx12 expression remains strong as the precursors migrate to form the cardiac crescent at the midline (Fig. 3B) . Tbx12 is widely expressed throughout the myocardial layer of the heart tube at E8.0, but is expressed in the endocardium at much lower levels (Figs. 3C and 4A ). As heart looping occurs (E8.5) and the heart becomes subdivided into four chambers (E9.5±E11.5), Tbx12 remains expressed in most myocardial cells (Figs. 3D±F and 4B ). Tbx12 expression is particularly strong in the out¯ow tract (conotruncus; data not shown). At early stages of cardiovascular development, Tbx12 transcripts also are present in the lateral plate mesoderm immediately below the heart (Figs. 3D±F and 4A,B) and the vasculature leading to the placenta (data not shown). Tbx12 expression in cardiac progenitors and the early myocardium is similar to other transcription factors known to be important in heart development, such as Nkx2.5 (Lints et al., 1993) . It is interesting that Tbx12 expression overlaps with another T-box gene, Tbx5, in both the heart and retina (Chapman et al., 1996; Horb and Thomsen, 1999) .
Tbx12 expression in the heart becomes increasingly restricted at later stages. Although Tbx12 remains widely expressed throughout the myocardium at E14.5 (Figs. 3G and 4C), Tbx12 expression in neonatal hearts is much stronger in the atria than in the ventricles (Figs. 3H and 4D ). Tbx12 also is strongly expressed in the aortic and pulmonary trunks at this time. In neonates, Tbx12 expression is stronger on the dorsal surface of the heart than on the ventral surface (data not shown). In adult hearts, the dorsal bias in expression becomes more pronounced, while expression remains stronger in the atria than in the ventricles and is particularly noticeable in the vena cava and the sinoatrial node of the right atrium (data not shown). The widespread early expression and more restricted later expression of Tbx12 in the heart suggests that Tbx12 could play two distinct roles in heart development. Future experiments should clarify the possible functions of Tbx12 in the embryonic and postnatal heart.
Experimental procedures

Tbx12 cloning
T-box sequences were ampli®ed in PCR reactions using cDNA derived from mouse E10.5 limb bud RNA and Fig. 1 . Tbx12 cDNA sequence (accession number AF260557) and predicted amino acid sequence. The T-box domain is boxed, and the nucleotides corresponding to the primers used to amplify the initial Tbx12 PCR fragment are underlined. . PCR products were subcloned into the pGem Tvector (Promega) for sequencing. Tbx12 cDNAs were isolated by screening a cDNA library (provided by Dr J. Ruiz). Tbx12 cDNA ends were obtained by using the RACE procedure (Frohman et al., 1988) and by sequencing an EST clone (accession number AU019142).
T-box proteins were aligned using the ClustalW program; the Drawgram program from Phylip generated Fig. 2. 
Chromosomal localization
BSS and BSB backcross DNA panels from the Jackson Laboratories were used to determine the chromosomal localization of the Tbx12 gene. A polymorphism between Mus musculus and M. spretus DNA in the size of an intron in the Tbx12 gene was detected by PCR. PCR reaction products were labeled with 32 P and resolved on non-denaturing 6% polyacrylamide gels. The Map Manager program analyzed the results.
In situ hybridization
Tbx12 expression was examined by in situ hybridization of a digoxigenin labeled antisense Tbx12 RNA probe to mouse embryos or isolated hearts. In situ hybridization conditions have been published (Parr et al., 1993) . Tbx12 expression is present in the cardiac crescent (cc) and allantois at E7.75. (C) Expression of Tbx12 is evident in the developing linear heart tube (ht) at E8.0. Tbx12 is expressed in the looping heart tube, lateral mesoderm (lm), optic vesicle (ov), and neural tube (nt) at E8.5 (D) and E9.5 (E). At E10.5 (F), Tbx12 expression is pronounced in the neural retina (nr) of the eye and all chambers of the developing heart (h). In the E14.5 heart (G), the left and right ventricles and atria (lv, rv, la, ra) have septated, and the conotruncus has divided into the pulmonary and aortic trunks (at). Tbx12 is expressed in all of these structures. At neonatal stages (H), Tbx12 is expressed predominantly in the atria and in the aortic and pulmonary trunks (pt). Fig. 4 . Tbx12 expression in sections through the heart. At E8.5 (A), Tbx12 expression in the heart tube (ht) is much stronger in the myocardium (m) than in the endocardium (e). Expression in the adjacent lateral mesoderm (lm) also is visible. In E10.5 hearts, Tbx12 expression is apparent in both the atria (a) and ventricles (v) . A section through the right atria (ra) and ventricle (rv) at E14.5 (C) again demonstrates strong Tbx12 expression in the myocardial layer and weaker expression in the endocardial layer. In the neonatal heart (D), Tbx12 expression is higher in the atria than in the ventricles and is particularly strong in the aorta (at).
